Cholesteryl carbamates were prepared by reactions of cholesterylchloroformate with phenylsulfonylanilines, in the presence of pyridine as acid acceptor. Two other cholesteryl carbonates with a heterocyclic moiety were prepared in order to evaluate the effect of variation of the terminal group on the substituted cholesteryl system. The thermodynamic properties of cholesteryl derivatives were characterized by DSC and the texture of the mesophases have been determined with a hot stage equipped polarizing microscope. The relative thermal stabilities and the variation on the mesomorphic characteristics also have been studied.
Introduction
Steryl esters, particularly cholesteryl esters are used for technical applications such as liquid crystals. Lehn and Ringsdorf have explored the use of this concept in a number of areas: photochemical control of phase changes, optical memory devices, "one-dimensional" conductors and photoconductors. 1, 2 Various compounds have been reported with liquid crystalline
properties, but cholesteryl esters with sulfonyl and heterocyclic sulfonyl moieties have been explored to a much lesser extent. 3, 4 We have recently described the synthesis of phenoxy-cholesteryl and thiophenoxycholesteryl carbamates, compounds with liquid crystalline properties. 5, 6 We have endeavored to extend this area by the synthesis of new steroid carbamates with a sulfonyl moiety, compounds 5-8 ( Figure 1 ). In the present study we also have investigated the mesomorphic characteristics of several structurally related cholesteryl derivatives with a sulfonyl moiety, compounds 1-10 ( Figures 1 and 2 ) in which the nature of terminal moiety is changed. Moreover, an attempt has been made to link the changes observed in mesophase thermal stability to the changes in moiety. 
Results and Discussion
Syntheses of cholesteryl carbamates 5 -8 were performed in dry benzene (pyridine was used as acid acceptor) and all reactions were monitored by thin-layer chromatography (TLC). The products obtained in the usual manner were purified by column chromatography and thereafter crystallized. The recrystallization of new carbamates from methyl ethyl ketone and ethanol led to high purity compounds. Selective reflection of these carbamates in the visible region was observed in solvents such as: amyl alcohol, mixtures ethanol-benzene, and methyl ethyl ketone. The selective reflection, as well as the optical activity, remarkably influence the optical appearance (textures) of cholesteric phases.
The common structural features of compounds 1-8 consist of two phenyl rings and a cholesteryl skeleton linked through S or SO 2 and carbamate central linkages, with different
IR and NMR data for compounds 5 -8
The newly synthesized cholesteryl carbamates with a diphenylsulfonyl moiety were characterized using IR and NMR spectra. In the 13 C-NMR spectra, discrimination of carbon atoms, the order of substitution, respectively, was carried out by the Attached Proton Test (APT). The rest of the sterolic skeleton presented characteristic shifts for 27 atoms and they were identical with literature values. 7 It was possible to distinguish the C-3 geminal with oxygen at 75.65-75.78 ppm. Table 1 . IR values (cm -1 ) for compounds 5 -8 
Thermal behaviour
In order to realize a complete physicochemical characterization for the synthesized carbamates, a thermodynamic study of thermal transition characteristics was necessary. The transition path and thermodynamic function were measured by differential scanning calorimetry (DSC) and Böetius thermomicroscopy (TM). The first investigation was carried out by Böetius thermomicroscopy. For each compound, the kind of mesophases and their modifications at various temperatures were studied (form of crystals, colour etc.). This determination, though very suggestive, does not confer a high precision in establishing the transition temperature and in our conditions it could not be done under an inert environment.
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From DSC curves, thermodynamic transition functions ∆ tr H, ∆ tr S could be calculated exactly using the relations:
k -instrument constant s -unrolling speed of recorder paper (mm min From these thermodynamic functions, the variation of thermodynamic Gibbs potential could be estimated. 8 The transition temperatures and associated enthalpies for compounds 1-10 are summarized in Table 2 .
The thermodynamic stability of a liquid crystalline phase can be characterized in terms of a clearing point (T NI ), the temperature at which the energy contents of the anisotropic and isotropic liquids are equal, and these points are presented in table 2, as the second value. The first value of temperature in table 2 is the melting point as transition temperature.
It is resonable to assume that the presence of a phenylsulfonyl unit increases both the length of the lateral chain at C-3 of the molecules and the clearing points. Consequently, a more polar wing group to a rigid structure would probably be necessary in these compounds to obtain a mesophase.
The compounds with -CH 3 (3,7 and 10), -NO 2 (4 and 8), -Cl (1, 5 and 9), -Br (2 and 6) end groups exhibit liquid crystal phases, with the mesophase range being least for the compound having a -CH 3 group at the terminal position. The mesophase range is maximal when the -CH 3 group is replaced by the NO 2 moiety. A methyl group is mildly polar, while a nitro group will endow the molecules with high polarity, greater terminal attraction and, hence, a higher mesophase range. 9 Bromo and chloro groups also effect polarity, but as the bromo moiety is somewhat larger than the chloro, this explains the lower phase range of the bromo compound. The group efficiency order for phase thermal stability can be derived for the compounds as follows: -NO 2 > -Br > -Cl > -CH 3 This agrees well with the group efficiency order obtained by Gray for pure mesogenic systems. 
Conclusions
Four new cholesterylcarbamates (5 -8) with a phenylsulfonyl moiety, which exhibit liquid crystals properties, were synthesized. Mesomorphic characteristics were studied for ten cholesteryl derivatives in which the nature of the terminal group was changed. It was observed, by varying the polarizability of the R-terminal group, that polarity contributed to the changes observed in transitions, mesophase temperature range and mesophase textures. The melting points and clearing points appeared to be influenced mainly by the organic moiety. The calorimetric measurements were made with a Perkin Elmer DSC 2 calorimeter in a highly purified argon atmosphere. The temperature was calibrated with the melting point of an indium standard. The weight of samples lay in the range of 3 -5 mg. Typically heating and cooling rates of 10°C/min were used. The peak temperatures of exo-and endotherms were used as the values of transitions. For optical microscopy, thin films (5 -10 mµ) were melted and pressed between the cover slips in a hot stage. A polarizing optical microscope equipped with a hot stage was used to observe morphological changes.
Syntheses of cholesterylcarbamates 5-8. General procedure
The amino compound (5 mmol) and 0.5 mL of pyridine were dissolved in 40 mL of dry benzene. 5 Mmol of cholesterylchloroformate in 40 mL of dry benzene was added dropwise during 20-30 minutes, with stirring. Stirring was continued and the reaction was monitored by thin-layer chromatography. When the reaction was complete, the benzene solution was washed with cold dilute hydrochloric acid and water, and dried over anhydrous sodium sulfate. Benzene was evaporated and the crude product purified by column chromatography and crystallized from a mixtured of methyl ethyl ketone and ethanol. 
